Elective surgical pathways offer a particular opportunity to plan radical change in the way care is delivered, based on patient need rather than provider convenience. Peri-operative pathway redesign enables improved patient experience of care (including quality and satisfaction), population/public health, and healthcare value (outcome per unit of currency). Among physicians with the skills to work within peri-operative medicine, anaesthetists are well positioned to lead the re-engineering of such pathways. Re-engineered pre-operative pathways open up opportunities for intervention before surgery including shared decision-making, comorbidity management and collaborative behavioural change. Individualised, risk-adapted, intra-operative interventions will drive more reliable and consistent care. Risk-adapted postoperative care, particularly around transitions of care, has a significant role in improving value through peri-operative medicine. Improved integration with primary care providers offers the potential for minimising errors around transitions of care before and after surgery, as well as maximising opportunities for population health interventions, including lifestyle modification (e.g. activity/exercise, smoking and/or alcohol cessation), pain management and sleep medicine. Systematic data collection focused on quality improvement is essential to drive continuous clinical improvement and will be enabled by technological development in predictive analytics, systems modelling and artificial intelligence.
Introduction
The practice of peri-operative medicine is defined as the integrated, multidisciplinary medical care of patients from the moment of contemplation of surgery until full recovery [1, 2] . This simple definition has important and revolutionary implications for the care of patients for whom surgery may offer a treatment option. It also has profound implications for the future of anaesthesia as a medical specialty.
Peri-operative medicine is a new and rapidly evolving clinical science that addresses the needs of a growing patient population with increasingly complex medical needs. Peri-operative medicine offers the opportunity to go beyond the traditional anaesthetic and surgical focus on the care of a single patient in the immediate peri-operative period and to contribute as well to improving public/ population health on a wider scale, thereby improving the value proposition of anaesthesia as a specialty. Such an approach is perfectly aligned with the US Institute for Healthcare Improvement's widely supported 'triple aim' of improving patients' experience of care (including quality and satisfaction); improving population/public health; and reducing the per capita costs of healthcare [3, 4] . This 'triple aim' framework has now been explicitly integrated into the UK NHS Five Year Forward View [5] . Population health initiatives have typically focused on preventing, or slowing the progression of, chronic conditions. Less attention has been directed towards episodic peri-operative care, although in some systems such care accounts for over half of hospital costs [6] . Furthermore, elective peri-operative care takes place in a setting with substantial opportunities to rationalise and redesign pathways of care for patient benefit.
Delivering care based on the risk of adverse outcome for patients, a so-called risk-adapted approach, is essential to enhance healthcare value in the face of rising demand and inevitable resource constraints. Although such an approach may seem self-evident, many aspects of care have traditionally been organised around specialties or procedures, rather than around patient need. The growing prevalence of comorbid conditions [6] , and harmful lifestyle characteristics (e.g. inactivity) coupled with an understanding that some surgery may be unnecessary or even harmful [7] are driving a re-appraisal of perioperative processes. Approaches such as business process re-engineering are being applied with the aim of achieving fundamental systems redesign based on a comprehensive re-evaluation of process aims [8] .
Patients who are candidates for surgery are often not ready for surgery. The implications of clusters of behavioural factors (activity/exercise, nutrition, consumption of social drugs) [9] and long-term conditions (comorbidity/ multimorbidity) [10] are not well understood. The degree to which modification of such factors will affect outcome is also unclear. The incremental value of allocating resources to modify such risks adds a further layer of complexity. Costs are typically concentrated in a small proportion of care episodes with a high level of complexity [11] . Significant opportunity for value enhancement therefore lies within the understanding of these most complex episodes of care for the sickest patients. Finally, managing care around specialist 'silos' based on provider convenience is increasingly recognised as resulting in inefficient and ineffective care instead of serving patients' best interests.
The aims of this article are: to review the background and context of the current focus on innovation in perioperative pathways; to summarise opportunities to improve peri-operative care through pathway re-engineering; and to highlight opportunities for further innovation to maximise value. To achieve these aims the manuscript is divided into two sections. The first section focuses on the contextual and conceptual issues underlying the evolution of perioperative care and explores how peri-operative medicine meets the challenge of the 'triple aim': improved population health, healthcare and value. The second section focuses on specific opportunities to improve care and value through pathway modification in the pre-operative, intra-operative and postoperative phases.
Innovation, value and peri-operative care
The practice of anaesthesia and the pathway to surgery Traditionally, the role of anaesthetists has been defined by the operating theatre, typically in the context of an inpatient episode. Patient assessment before surgery was considered important, but for in-patients (historically the vast majority of patients), routinely took place on the night before surgery. In the late 1980s and early 1990s, the move towards day-case or ambulatory surgery changed this framework. Pre-assessment clinics developed rapidly and patients were evaluated at a time separated from their in-patient episode. This trend was reinforced by the emphasis on day-of-surgery admission within Enhanced Recovery programmes and is now almost universal for most major operations. The benefit has been a substantial reduction in the in-patient bed utilisation associated with major surgery, alongside an increase in resources directed towards pre-operative assessment on an outpatient basis.
However, for most patients travelling this 'journey', preassessment takes place a short time before surgery. A checklist approach effectively documents patient characteristics, and risk may be evaluated, but little can be achieved in the limited remaining time. The opportunity to intervene to improve health, either through optimising inter-current chronic illnesses (comorbidities) or through encouraging patients towards more healthy behaviours, has been lost. Critically, shared decision-making around choice of surgical and other treatments is much more challenging when the patient has been offered a surgical management plan several weeks previously. The opportunity to contribute to the care planning process and improve patient outcomes has been diminished, if not lost.
Starting such conversations at a late stage in the process will also impoverish the patient experience: patients rightly expect that the teams offering options for the treatment of their underlying condition should act in a co-ordinated fashion as an integrated whole.
Value and peri-operative medicine pathways
The Harvard economist Michael Porter has written persuasively on the challenges of measuring and improving value, defined as outcome per unit currency, within healthcare [12] . Better value may be achieved through improving efficiency of particular processes with respect to cost (achieving more for the same or less) or through reducing demand for inefficient or ineffective processes.
Peri-operative pathway modification may contribute to improving value in a variety of ways [8] . Streamlining preoperative assessment through reducing the burden on lowrisk patients may improve the efficiency of this process and free resources for higher risk patients. Collaborative (shared) decision-making [7] may result in patients at the highest risk of complications and prolonged length of stay choosing not to undertake surgery in circumstances when harm may outweigh benefit. Early intervention to manage comorbidities and initiate 'prehabilitation' may improve both short-term peri-operative outcome and long-term patient health [9] . The consequences of such interventions are not only better outcomes for the individual patient but also more efficient resource use for the healthcare system through economical delivery of effective interventions and avoidance of ineffective high-cost interventions. The resources so freed are then available to support better patient care and further public/population health initiatives.
Population/public health and peri-operative care
The closely intertwined concepts 'public health' and 'population health' encompass the notion of considering health at the level of the group, community or population level rather than at an individual level. Although nuances of definition may be important for those directly involved in these fields, in general the terms may be used interchangeably, with clinicians tending to refer to 'population health', and government and provider agencies tending to talk about 'public health'. The simple formulation that 'population health includes health outcomes, patterns of health determinants, and policies and interventions that link these two' [13] , whereas 'public health refers to the organised efforts of society to promote and protect people's health and wellbeing, and to prevent ill-health' [14] may be useful.
Within this framework, the combination of progressive improvements in longevity, coupled with the increasing prevalence of multimorbidity with age [15] , has resulted in a growing number of surgical procedures taking place in elderly patients with co-existing medical conditions [6] .
Patients are living longer in chronic ill health; the requirement for surgery is both a consequence of that, and also made more complex by it. From a public/population health perspective, this group of patients offers extraordinary opportunities to intervene before the predictable 'injury' of surgery [6, [16] [17] [18] [19] . Although this injury is viewed as necessary to improve the quality and/or quantity of life through treating the surgical problem, it may also bring unintended harm. Prehabilitation to improve patients' physical and psychological resilience to surgical injury focuses on improving physical activity/exercise, nutrition and psychological resilience, alongside behavioural change initiatives to minimise harmful social consumption of tobacco and alcohol [9] . Comorbidity management seeks to optimise management of long-term conditions such as anaemia and diabetes before surgery [9] .
Both approaches offer the potential to improve short-term peri-operative outcomes and longer term postoperative health outcomes, given the well-recognised relationship between short-term harm and long-term mortality.
Moreover, prehabilitation offers the possibility of long-term behavioural change, catalysed during the 'teachable moment' before surgery, with consequent improvements in individual and population level health outcomes. Shared (collaborative) decision making provides a mechanism to improve the patient experience and to better match clinical need with likely benefit [7] . Although some models of healthcare payment may work against such an integrated approach (e.g. fee-for-service), alternative mechanisms such as bundled payments or capitation may serve as a positive incentive.
Risk and surgery
Risk is the product of likelihood and consequence for an adverse event. The likelihood of any given peri-operative event is governed by two categories of risk determinant: patient characteristics and healthcare characteristics (including the types and magnitude of surgery and other elements of peri-operative care). Both of these categories of risk determinant may be lessened through changes to the peri-operative pathway.
Patient risk factors may be divided into those that are fixed and those that can be modified in the time available before surgery ( Fig. 1) . Some contributory risk factors, such as chronological age, sex, and genetic constitution, cannot be modified before surgery under any circumstances.
Others may be partially modifiable; for instance, some aspects of chronic illness may in part be fixed (e.g. emphysema, myocardial injury) but in part modifiable (e.g. 
Peri-operative care pathways
Adopting a patient perspective, the peri-operative care pathway should encompass five basic elements, the first of which leads inevitably to the remaining four. First, the patient should be at the centre of their own care, and their wishes, opinions and expectations should be central to the care process. Second, decision-making around surgery should result in their best interests being served. Third, they will be adequately prepared for surgery. Fourth, care during the peri-operative episode will be safe and effective. And finally, they will experience a full and timely recovery. patients would like to receive is best served by formulating a pre-operative plan through a shared (collaborative) approach early in the peri-operative pathway [7] . Adequate preparation for surgery is addressed through efficient and effective comorbidity management and collaborative behavioural change (prehabilitation) [9] . To be effective, each of these three interventions must be commenced as early as possible after surgery is contemplated [8] . This requirement is the overriding justification for re-engineering the peri-operative pathway, so that patient evaluation can proceed in parallel with pathology evaluation [8] . In order to achieve this goal, early risk 'triage' to identify patients who will benefit from each of these three processes should occur as soon as possible after the initial contemplation of surgery, and the peri-operative physician (typically an anaesthetist) and patient should meet soon thereafter. Figures 2 and 3 illustrate the differences between a traditional pre-operative pathway and one set up to achieve the aims described above [8] . Safe, effective peri-operative care and a full and timely recovery are best achieved through individualised intraoperative and postoperative care plans based on a standardised 'menu' of options (see below). Individualisation of the intra-operative and postoperative care plans should be based on a careful evaluation of pre-operative risk factors and any changes that occur during the pre-operative journey.
Pre-operative care
Shared decision-making offers the potential for avoiding 'wrong-patient surgery', at the same time serving patients' best interests, reducing healthcare costs and improving the Importantly, patients at high risk of adverse outcomes contribute disproportionately to healthcare costs.
Complications following surgery cost, on average, two or three times more than straightforward care [21] and those patients at the highest risk cost the most. The notion that a small number of patients contribute disproportionately to total cost is well recognised, both at an individual patient level (patient level cost attribution) and at a population level [11] . It is important to note that shared decision-making does not force patients to make decisions. Although some patients may choose, within a shared decision-making context, to accept advice from their doctor in a more paternalistic mode, others will seek to make their own independent decisions based on information provided by physicians. Many others lie on a spectrum between these two positions.
Co-existing disease is a powerful influence on risk in Although we might expect such variation to be based on patient (e.g. age, risk) or surgical (e.g. duration, blood loss) characteristics, in fact the biggest determinants were the identity of the anaesthesia and surgical providers [32] . In other words, the clinicians' personal behaviours were more important that the patients' clinical situation. Furthermore, this variability is linked to clinical outcomes [33] . Similar patterns of variation in care pertain in peri-operative blood transfusion [34] , oxygen therapy [35] and peri-operative ventilation [36] . These observations support the notion that intra-operative care should be both standardised and 
Continuous improvement?
Pathway redesign, as with all changes to clinical care, brings with it the possibility of harm as well as benefit.
Implementation of change within healthcare is notoriously slow and incomplete. Systematic data collection on processes and outcomes of care should be considered essential for quality care provision. Only through recording, and analysing the reliability of, delivery of processes can we evaluate whether we are actually providing the care we assume we are. Only through the systematic comparison of process reliability and risk-adjusted outcomes with benchmarking against peer institutions can we be confident that our care is the best it can be. Increasingly, such data management will be augmented by more advanced methods of analysis, presentation and modelling, including the use of predictive analytics, topological data analysis, systems modelling and artificial intelligence.
The professions of anaesthesia
In much of the developed world, anaesthetic care is provided by physicians. In low-and middle-income countries, non-physician providers often provide anaesthesia due to the limited availability of physicians. In 
